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Abstract
In order to reduce costs associated with CO2 capture from coal-fired utilities, further development is needed. Solvents suffer from 
high costs for supply and high energy needs for regeneration. The Neumann Systems Group technology is a solvent-neutral 
technology that greatly improves absorption capability by improving solvent/flue gas contact. Testing conducted at the Energy &
Environmental Research Center is evaluating this technology. Preliminary results indicate that CO2 removal rates above 90% have 
been reached when used in conjunction with an advanced solvent. Technoeconomic modeling shows reduced costs for capital and 
operation when compared to established U.S. Department of Energy cases. 
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1. Introduction 
In 1992, international concern about climate change led to the United Nations Framework Convention on Climate 
Change. The ultimate objective of that convention was the “stabilization of greenhouse gas concentrations in the 
atmosphere at a level that mitigates anthropogenic interference with the climate system” [1]. There has been a growing 
concern about global climate change, which scientists believe is (arguably) caused mainly by anthropogenic emission 
of greenhouse gases into the atmosphere. Global warming is defined as an increase in the Earth’s temperature, widely 
predicted to occur because of an increase in the greenhouse effect resulting especially from pollution.  
The predominant sources of CO2 are utilities that meet energy demands through combustion of fossil fuels like 
coal, petroleum, and natural gas as well as transportation. The consumption of fossil fuels is likely to continue because 
fossil fuels have certain advantages, such as high energy density, low cost, availability, and existing reliable 
technology for energy production. Research by the U.S. Department of Energy (DOE) and the International Energy 
Agency has suggested that carbon separation and sequestration can play an important role in reducing CO2 in the 
atmosphere in the first part of the twenty-first century [2]. 
The overall goal of this project is focused on the development of lower-cost and more effective capture 
technologies and their integration into a total system that provides substantial economic and environmental benefits. It 
was determined that, in order to achieve bigger cost savings, an advanced solvent would need to be paired with a less 
capital-intensive process. Therefore, the Energy & Environmental Research Center (EERC), along with Neumann 
Systems Group, Inc. (NSG), is conducting a project to evaluate the NSG NeuStream™-C system, an advanced gas 
contactor, which has the potential to significantly reduce the cost of postcombustion solvent-based CO2 capture. The 
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NSG’s NeuStream-C technology moves beyond state-of-the-art use of advanced solvents by pairing these advanced 
solvents with a new contactor design that can capture the same amount of CO2 but with a much smaller footprint, 
leading to reduced capital costs. It uses a proprietary contacting system that has been shown to reduce costs at the 
bench-scale level. Technoeconomic analysis based on bench-scale testing has shown that the NeuStream-C system has 
the potential to meet the DOE requirement of no more than a 35% increase in the cost of electricity. Testing was 
performed at the EERC using the pilot-scale NeuStream-C system on a 170–442-standard-cubic-meter-per-hour 
(scmh) (100–260-standard-cubic-foot-per-minute [scfm]) stream of coal-derived flue gas. This paper summarizes the 
preliminary results of the pilot-scale testing. 
2. Experimental methods 
2.1. Experimental facility 
In order to provide enough flue gas for the NSG system, two of the EERC’s combustion test units were used: the 
combustion test facility (CTF) and the particulate test combustor (PTC). The combined system, called the combined 
combustion system, fed flue gas into the NSG NeuStream-C system absorber during all testing for this project. 
The CTF simulates a typical pulverized coal (pc)-fired boiler using a furnace that is approximately  
580,000 kilojoule (kJ)/hr (550,000 Btu/hr) with a combustion chamber 76.2 cm (30 inches) in diameter, 2.44 m  
(8 feet) high, and refractory-lined. Furnace exit gas temperature was maintained at approximately 1093°C (2000°F). 
The fuel used for testing is Antelope Mine Powder River Basin coal. The pulverized coal is charged to a 
microprocessor-controlled weight loss feeder from a transport hopper and screw-fed by the gravimetric feeder into the 
throat of a venturi section in the primary air line to the burner. Heated secondary air is introduced through an annular 
section surrounding the burner. Flue gas passes out of the furnace into a 25.4-cm (10-inch)-square refractory-lined 
duct and then passes through a series of water-cooled heat exchangers before being discharged through a selective 
catalytic reduction (SCR) unit for NOx control, single-stage electrostatic precipitator (ESP) and/or fabric filter for 
particulate control, and wet flue gas desulfurization (FGD) unit. Duct work then combines the flue gas with gas 
derived from the PTC. The PTC is a 580,000-kJ/hr pc-fired unit identical to the CTF. Unlike the CTF, the PTC was 
fired on natural gas only.  
Flue gas from the two systems join together before a direct contact cooler (DCC). The DCC controls the 
temperature of the flue gas entering the Neustream-C system absorber where CO2 is removed by contacting the flue 
gas with solvent. Flue gas then exits the absorber to the stack while the CO2 stream from the stripper goes through a 
mass flow controller before being vented through the stack. For lower flue gas flow rates, only the CTF is utilized.
2.1.1. Description of the NeuStream technology 
The core of the NeuStream technology is NSG’s patented orifices used to generate the flat jets. The flat-jet orifices 
are interlaced in a dense packing arrangement to create 10× the specific surface area, as, of conventional droplet spray 
systems. Figure 1 shows the jets. The liquid jets, which are nominally 100 μm thick and 25 cm in length, form  
well-defined elliptical sheets or curtains whose specific surface area can be analyzed geometrically and verified 
experimentally. The gas flow is directed horizontally in between the jets and parallel to the jet face. The flat jets are 
aerodynamically shaped so that higher gas velocities (greater than 17 m/s) can be operated without incurring jet 
breakup or significant droplet entrainment in the gas flow. Practical jet lengths are 25–30 cm without significant 
breakup, and jet widths of 1.5–3.0 cm are typical depending on solution physical properties (liquid viscosity, surface 
tension, and driving pressure). A significant enhancement of as can be achieved by designing a higher orifice-packing 
density and adding solvent viscosity enhancers. For an equivalent specific surface area, the flat-jet packing density is 
~6 jets/cm2 and one flat jet produces the same surface area as ~30 round jets. A high specific surface area with reduced 
numbers of drilled jet orifices translates into smaller contactor/duct volumes, reduced manufacturing costs, and shorter 
lead times for orifice manufacturing. 
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Fig. 1. Top left: photograph of flat-jet array. (arrows mark the gas flow direction, which is horizontal and parallel to the jet face). Top right: 
ultracompact, 2 MW, 14440 acmh (8500 acfm) at the Colorado Springs Utilities Martin Drake Power Plant using the flat-jet array. Center: 
photograph of a 20-row jet box producing 900 high-surface-area liquid jets 
2.1.2. NeuStream-C system 
The ~410-scmh (240-scfm) NeuStream-C absorber and stripper design was based on EERC gas operating 
conditions and interfacing parameters, an Aspen Plus® equilibrium stage simulation process model, and spreadsheet 
calculations. The design consists of a CO2 capture subsystem, a CO2-stripping subsystem, and a thermal conditioning 
subsystem, all of which is based on the EERC gas flow operating parameters in Table 1.  
Table 1. Flue gas parameters 
Parameter Value Unit 
Gas properties   
  Flue gas flow rate 100–410 scmh 
  Flue gas temperature 40–50 °C 
  Flue gas pressure 1 bar 
Gas constituency   
  CO2 14–16 %, volume 
  O2 3.5–4.5 % 
  H2O Saturated % 
  SOx <600, typically near 0 ppm 
  NOx <600, SCR-controllable ppm 
  Particulate matter Near 0 kg/hr 
The CO2 capture system consists of an absorber module to capture CO2 in the flue gas stream, a recirculation loop 
module to recirculate the solvent, and a flue gas-handling module. The combined absorber and solvent recirculation 
modules provide a liquid-dispersed, continuous-contact system that provides highly mixed gas and liquid phases and 
high interfacial surface area contact for efficient CO2 removal, while the flue gas-handling module serves to deliver 
and return the flue gas to the absorber module. Solvent from the capture system sump is pumped to the top of the 
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module and through low-flow nozzles. The nozzles create flat jets of solvent that flow perpendicular to the flue gas 
flowing through the stage. The solvent is then pumped through the rich solvent pump to the CO2 stripper system. 
An important aspect of gas–liquid contacting is the efficient removal of the liquid from the absorber column to 
prevent flooding by use of a diverter vane assembly that directs the vertical jet exit flow horizontally out of the 
column using a series of curved vanes that conserve as much momentum as possible. Adequate vane spacing is 
required to create a fluid seal to block gas from being entrained into draining solvent. The diverter vane drain 
protrudes down into the solvent liquid level in the sump to provide a liquid seal at the bottom of the assembly. 
2.2. Analytical methods 
A variety of instruments both in the lab and on the CTF were utilized in order to provide a complete data set for 
each sample selected for analysis. Table 2 summarizes the different methods and analytical techniques used for sample 
analysis, along with the measured analytes for each procedure.  
Table 2. Summary of methods and analytical techniques
Analyte/procedure Equipment and/or analytical method 
Fresh amine concentration Fischer Scientific Accumet® 950 pH meter 
Furnace exit gas analysis Rosemount gas analyzers 
Absorber inlet/outlet gas analysis Rosemount gas analyzers 
SO2 analysis/measurement Ametek gas analyzers and meters 
O2 measurement Rosemount gas analyzers 
CO2 loading Shimadzu TOC-VCSN total organic carbon (TOC) analyzer 
2.2.1. Flue gas analysis 
Combustion gas analysis is provided by continuous emission monitors (CEMs) at two locations: the furnace exit, 
which is used to monitor and maintain a specified excess air level for all test periods, and the outlet of the particulate 
control device, which is used to assess any air inleakage that may have occurred so that emissions of interest sampled 
at the back end of the system can be corrected for dilution. For this test series, flue gas analyses were obtained from 
the duct at the outlet of the ESP. Each CEM rack contains five modules for determination of O2, CO2, CO, SO2, and 
NOx. Each of the analyzers uses a flue gas conditioner to remove moisture from the gas stream prior to analysis. All 
gas analyses are continuously monitored and recorded by the CTF’s data acquisition system. The CEM analyzers are 
individually calibrated prior to every test. Nitrogen is used as the zero gas, while several span gases are used to 
calibrate each instrument over the range used during testing.  
2.2.2. Determination of amine concentrations and CO2 loading 
The potentiometric titrator employs a glass electrode and a magnetic stirrer to continuously stir the solution. The 
meter was precalibrated to pH 7 and pH 4 in order to more accurately determine endpoints that lie in the base and acid 
regions, respectively. The procedure involved taking portions of the solutions (about 1 mL), titrating with standardized 
aqueous hydrochloric (HCl) solution, and using a pH meter to monitor the endpoint. 
Carbon dioxide loading in solvent solutions was derived from TOC analysis. However, the concentration of amine 
in solution for each sample was determined separately and combined with TOC data to get the reported CO2 loading, 
expressed as ratios of moles of CO2 to that of amine in a given sample. The CO2 loading in lean amine solutions was 
determined as the total inorganic carbon content of the solution using a TOC analyzer. 
3. Results and discussion 
The initial weeklong test campaign was performed using 30 wt% monoethanolamine (MEA) with water by 
parametrically varying the flow rates of inlet flue gas and varying the liquid flow rate in the absorber. Results 
indicated that 40% to 50% capture could be obtained with an inlet gas flow of 323 scmh (190 scfm). Analysis of the 
results suggested that the amount of CO2 being absorbed by the solvent was not reaching equilibrium with the amount 
of CO2 being stripped from the solvent during regeneration. CO2 capture rate was steadily increasing up to the end of 
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the test campaign. The continually rising CO2 capture values throughout testing suggested that optimum conditions 
were not reached within the test campaign and that the system was potentially capable of higher rates of CO2 capture. 
Solvent-loading data collected from samples of the rich solvent were typically close to 0.45 moles CO2/mole solvent, 
while the lean solvent loading was approximately 0.39 moles CO2/mole solvent. This gave an average working 
capacity for the system of approximately 0.07 moles CO2/mole solvent. 
The working capacity stayed flat even though the CO2 capture rate increased. This indicates that the stripper is not 
performing better at higher solvent flow rates but a larger quantity of CO2 is being moved through the system because 
of the higher solvent flow rate. As the solvent flow rate increases, the system can “move” more CO2, resulting in a 
higher capture rate, but the stripper performance has stayed the same.  
Working capacity also remained flat as the CO2 capture rate changed. This indicates that improvement in capture 
rate is due to the fact that the same solvent working capacity is being used to treat less flue gas, essentially using the 
same amount of solvent to “move” less CO2. These results confirmed the hypothesis that the stripper system was 
performing at maximum capacity and changes needed to be made to the stripper to increase the CO2 capture rate.  
Following the tests for MEA, an advanced solvent was loaded into the NeuStream-C system and tested under 
similar conditions during a second weeklong test campaign. For similar solvent and flue gas flow rates, the advanced 
solvent showed CO2 capture results higher than MEA. Average CO2 capture over the entire test period at 374 scmh 
(220 scfm) is 82.3%, and at 220 scmh (130 scfm), it averaged 85.1%. This contrasts with MEA, which showed a drop 
from 72.2% capture to 56.3% capture when going from 220 scmh (130 scfm) to 272 scmh (160 scfm). 
During the final day of advanced solvent testing, pressure in the stripper was reduced from the normal operating 
pressure of 2 bar (30 psi) down to 1.4 bar (20 psi). The result, shown in Table 3, was an increase in CO2 capture; 
however, steam use had to be increased by approximately 50% to maintain temperature in the stripper. The 
NeuStream-C system at the EERC achieved 90+% CO2 capture during this test run. 
Table 3. Advanced solvent CO2 capture results at stripper pressure of 2.0 and 1.4 bar (30 and 20 psia) 
Stripper pressure, bar (psia) Flue gas flow, scmh (scfm) Solvent flow, lpm (gpm) CO2 capture, % 
2.0 (30) 274 (161.79) 64.0 (16.91) 89.76 
1.4 (20) 274 (161.51) 64.3 (16.99) 91.06 
CO2 loading data were collected at the lean and rich solvent streams. Samples were also collected from each 
absorber and stripper vessel. Loading levels for the advanced solvent were markedly lower than the baseline MEA 
solvent. Working capacity for MEA averaged about 0.075 moles CO2/mole solvent, while the advanced solvent 
working capacity averaged 0.028 moles CO2/mole solvent.  
Changes have been made to the solvent-stripping module and additional testing is being performed. Data from 
additional testing have not yet been evaluated. 
3.1. Modeling of the NSG system 
Modeling was deployed at two levels during the project. A Microsoft Excel model was constructed for quick 
evaluation and feedback during pilot-scale testing. The model allowed for query to determine parameters such as 
amine CO2 loading and working capacity for specific rates of CO2 capture. Additionally, Aspen Plus
® was used in 
conjunction with Aspen Process Economic Analyzer (APEA) to form the basis of a technoeconomic model. Detailed 
mass and energy balances were performed on NSG’s NeuStream-C absorber with Aspen Plus, and the results were 
exported to APEA for detailed sizing and costing. Both capital and operating costs were determined. Additional data 
were input as required for nonstandard equipment and to meet the modeling specifications provided by DOE. 
3.1.1. Quick evaluation modeling 
A Microsoft Excel model was built to determine the maximum amount of flue gas that could be treated to capture 
90% of the CO2 in the flue gas based on the loading data that have been obtained during the steady-state pilot-scale 
tests. The model was run, and Microsoft Excel “Goal Seek” was used to determine the maximum amount of flue gas 
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that could be put through the system while maintaining 90% capture efficiency. Based on this loading, the maximum 
flue gas that could be treated, while maintaining 90% capture, would be approximately 187 scmh (110 scfm). This 
also indicates poor performance of the solvent-stripping module. 
The model was also used to predict what the solvent working capacity would need to be in order to capture 90% of 
the CO2 at varying flue gas flow rates. Because the EERC’s test system is using mainly coal-derived flue gas, with a 
small percentage of natural gas-derived flue gas, the CO2 concentration is slightly lower than 100% coal-derived flue 
gas. In order to determine the impact of that, two CO2 concentrations were used in the model. Again, this higher 
concentration would indicate the worst-case scenario result from the model, because as the concentration is increased, 
the partial pressure is also increased, which leads to higher rich loadings. Therefore, the system should perform better 
than the model is predicting for this set of conditions. Results indicate that for the current working capacity of  
0.073 moles CO2/mole solvent (from steady-state data at 323 scmh (190 scfm) and 13% inlet CO2), approximately  
178 scfh (105 scfm) would be the maximum treatable flue gas flow through the system to maintain 90% capture. If the 
working capacity could be increased to 0.11 moles CO2/mole solvent or 0.17 moles CO2/mole solvent, the system 
could maintain 90% capture at 272 and 410 scmh (160 and 240 scfm), respectively. As the inlet CO2 concentration is 
increased from 13% to 15%, the working capacities would need to increase to approximately 0.13 moles CO2/mole 
solvent and 0.193 moles CO2/mole solvent to maintain the 90% capture at 272 and 410 scmh (160 and 240 scfm), 
respectively. This model output agreed with observed and measured results from pilot-scale testing. 
3.1.2. Technoeconomic modeling 
The EERC performed technoeconomic modeling based on requirements laid out in the DOE Funding Opportunity 
Announcement (FOA) number DE-FOA-0000403 [3] which required a technoeconomic analysis be performed of the 
entire system at a 550-MW scale. The study conformed to DOE National Energy Technology Laboratory (NETL) 
guidelines for systems analysis and was consistent with previous NETL studies. Aspen Plus was used to generate the 
mass and energy balance data required to perform the economic analysis. APEA was used to size and cost the 
components. The FOA required that mass and energy balances be completed around the entire pc plant. The EERC 
already has extensive experience modeling these types of systems with Aspen software; therefore, some of the base 
models already existed for performing the evaluation [4,5]. A complete process flow diagram of the entire power plant 
and accompanying stream tables detailing the pressure, temperature, composition, and enthalpy of each stream was 
created. The mass and energy balance information was exported to APEA for detailed sizing and costing of the 
components. Inputs were collected from NSG regarding nonstandard pieces of equipment for the purpose of costing 
and sizing. 
As described in Attachment 5 of the FOA, the model included the entire plant, from the coal entering the plant 
through the high-pressure, high-purity CO2 leaving the plant. Net electricity produced, makeup water, and waste 
streams generated make up the balance-of-plant inputs and outputs. A detailed description of the power plant design 
considered in the technoeconomic modeling analysis is provided in the DOE NETL May 2007 report entitled “Cost 
and Performance Baseline for Fossil Energy Plants” cited in the FOA [6], hereinafter referred to as “the DOE report.” 
The power plant is designed to be operated as a base-loaded unit, with some consideration for daily or weekly cycling. 
An extensive process-modeling effort was undertaken to develop the basis for determining the cost of CO2 capture 
using the NeuStream technology. The model was developed using Aspen Plus software and mimics the boiler and 
steam cycle for Cases 9 (conventional pc-fired plant) and 10 (conventional pc-fired plant utilizing the Econoamine FG 
Plus system) from the DOE report. The model was resized and calibrated based on the steam usage requirements for 
the NeuStream technology. A complete mass and energy balance was developed around the major process areas of a 
coal-fired power plant, and guidance from Cases 9 and 10 of the DOE report was used to size minor equipment and 
determine auxiliary power loads. The CO2 capture portion of the process was modeled in detail and integrated with the 
steam cycle model. 
The addition of CO2 capture technology to the base plant greatly increases the auxiliary power load, and therefore, 
a bigger overall power plant is needed to produce the 550 MW net of power required for the study. Table 4 shows the 
overall power plant performance summary for Case 10NSG (conventional pc-fired plant utilizing NSG technology) and 
Cases 9 and 10 from the DOE report are also included for clarity. The technology utilized in Case 10NSG increases the 
overall efficiency of the plant from 26.2% in Case 10 to 28.3%. This difference is due to the lower power needs 
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Table 4. Overall plant performance
Case 9 Case 10 Case 10NSG
Total (steam turbine) power, kWe 582,600 672,700 635,200 
Auxiliary load summary, kWe 
 Coal handling and conveying 450 540 520 
 Pulverizers 2970 4180 3860 
 Sorbent handling and reagent preparation 950 1370 1260 
 Ash handling 570 800 740 
 Primary air fans 1400 1,960 1810 
 Forced draft fans 1780 2500 2310 
 Induced draft fans 7540 12,080 10,900 
 SCR 50 70 60 
 Baghouse 70 100 90 
 Wet FGD 3180 4470 4130 
 CO2 capture auxiliaries – 22,400 9920 
 CO2 compression – 48,790 28,700 
 Miscellaneous balance of plant 2000 2000 2000 
 Steam turbine auxiliaries 400 400 400 
 Condensate pumps 890 700 750 
 Circulating water pump 5250 11,190 9640 
 Groundwater pumps 530 1020 890 
 Cooling tower fans 2720 5820 5010 
 Transformer losses 1830 2350 2210 
Total auxiliaries, kWe 32,580 122,740 85,200 
Net power, kWe 550,020 549,960 550,000 
 Net plant efficiency (higher heating value) 36.8% 26.2% 28.3% 
 Net plant heat rate, kJ/kWh (Btu/kWh) 9789 (9277) 13,764 (13,046)  12,724 (12,060) 
Condenser cooling duty 106 kJ/hr (Btu/hr) 2566 (2432) 2034 (1928) 1871 (1773) 
Consumables 
 Coal feed rate, kg/hr (lb/hr) 198,391 (437,378) 278,957 (614,994) 257,935 (568,650) 
 Limestone sorbent feed, kg/hr (lb/h)r 19,690 (43,410) 28,403 (62,618) 28,403 (62,618) 
 Thermal input, kWth 1,495,381 2,102,644 1,944,196 
 Raw water withdrawal, lpm (gpm) 22,319 (5896) 42,487 (11,224) 40,122 (10,599) 
 Raw water consumption, lpm (gpm) 17,716 (4680) 32,630 (8620) 30,753 (8124) 
needs of the NSG CO2 capture system, which results in a smaller overall plant size and, therefore, further reduces the 
overall energy needs. The efficiency increase for this case is attractive and would result in a reduced overall cost of 
electricity (COE).  
The total steam turbine power output for Case 10NSG is 635.2 MW, which represents a reduction of 37.5 MW over 
Case 10, with the same net power production of 550 MW. Auxiliary power requirements for the CO2 capture system 
and the total output of the steam turbines were modeled in detail using Aspen Plus. The power requirements for some 
of the smaller systems were estimated based on the information provided in the DOE report. The coal feed rate for 
Case 10NSG is reduced by about 20,865 kh/ht (46,000 lb/hr) over Case 10, and this reduction contributes significantly 
to the overall efficiency increase of the system. 
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The models and cost-estimating methodology were used to calculate the total plant capital costs for Case 9, Case 
10, and the NSG case. Table 5 shows the total plant cost (TPC) results, which is organized by cost account. The costs 
for the NSG case are less than Case 10 since the CO2 capture system is more efficient than the Econoamine FG Plus 
system implemented in Case 10. Less steam and electricity were required to operate the CO2 capture plant and, 
therefore, lesser amounts of fuel were required to produce 550 MW of electricity. The overall plant size and 
equipment costs were correspondingly lower. 
Table 6 lists the estimates for annual operating and maintenance costs for each case, along with the result for COE 
calculation in $/MWh. The fixed operating costs included operating, maintenance, and administrative labor along with 
annual property taxes and insurance costs. Variable operating costs included annual costs for maintenance materials, 
chemicals, catalysts, and disposal of waste. Fuel was the annual cost of coal, which was assumed to be Illinois No. 6 at 
a cost of $47.80 per ton. The data indicate that the NeuStream technology represents a potential reduction in the COE 
by 0.18 cents per kilowatt hour, or a 17% reduction in the COE over conventional technologies. 
Table 5. TPC results for each case organized by account code 
Acct. no. Description Case 9 Case 10 NSG Case 
1 Coal and sorbent handling $42,048,000 $52,130,000 $49,499,000 
2 Coal and sorbent preparation and feed $19,835,000 $24,979,000 $23,637,000 
3 Feedwater and miscellaneous systems and equipment $78,557,000 $104,505,000 $97,734,000 
4 Boiler and accessories $281,326,000 $356,827,000 $337,127,000 
5 Flue gas cleanup $142,376,000 $183,030,000 $172,422,000 
5B Carbon dioxide recovery $0 $518,446,000 $163,360,000 
6 Combustion turbine/accessories $0 $0 $0 
7 Heat recovery steam generator, ducting, and stack $41,137,000 $43,905,000 $43,183,000 
8 Steam turbine generator and auxiliaries $119,932,000 $135,418,000 $131,377,000 
9 Cooling water system $42,083,000 $68,721,000 $61,770,000 
10 Ash/spent sorbent recovery and handling $13,777,000 $16,646,000 $15,897,000 
11 Accessory electric plant $54,918,000 $88,056,000 $79,409,000 
12 Instrumentation and control $22,482,000 $26,980,000 $25,806,000 
13 Improvements to site $14,811,000 $16,651,000 $16,171,000 
14 Buildings and structures $65,555,000 $66,220,000 $66,047,000 
 Total plant cost $938,838,000 $1,702,512,000 $1,283,441,000 
 Total overnight cost $1,155,225,000 $2,088,676,000 $1,630,899,000 
 $/kW $2100 $3798 $2965 
Table 6. Annual operating and maintenance costs 
 Case 9 Case 10 NSG Case 
Total overnight cost $1,155,225,000 $2,088,676,000 $1,630,899,000 
OCFIX $33,724,000 $56,240,000 $50,365,000 
OCVAR $22,174,000 $39,445,000 $34,939,000 
Fuel $77,828,000 $109,445,000 $101,197,000 
COE ($/MWh) $63.97 $107.88 $89.94 
Note: OC is overnight cost. 
4. Summary 
The NSG NeuStream-C system, an advanced solvent/gas contactor for CO2 capture, has been tested at the EERC’s 
facilities. The baseline solvent used for this project was 30 wt% MEA with water. Additional tests were performed 
with an advanced solvent. 
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Observed CO2 capture rates in the 40% to 50% range at a flow rate of 323 scmh (190 scfm) were measured with the 
working capacity of the solvent found to be 0.07 moles CO2/mole solvent, indicating that further improvements 
needed to be made to the stripper. A model of the NSG system was created that confirmed this hypothesis. Testing 
indicated limitations to the stripper when both the solvent flow rate and the flue gas flow rate were varied to determine 
the performance of the NSG system at different conditions. The best CO2 capture numbers were achieved for high 
solvent flow rates and lower flue gas flow rates. However, the working capacity remained flat as process conditions 
changed. An advanced solvent was also tested with the system, which yielded a maximum CO2 capture rate above 
90% even though the performance of the stripper was limited. 
Technoeconomic modeling indicates that the NeuStream-C system can be economical when evaluated using DOE 
guidelines. The system could be installed and operated at lower costs than some other technologies currently on the 
market with preliminary modeling of the COE indicating a potential savings of 17%. As compared to DOE Case 10, 
less steam and electricity were required to operate the CO2 capture plant, and therefore, lesser amounts of fuel were 
required to produce 550 MW of electricity. The overall plant size and equipment costs were correspondingly lower. 
The results of this project so far have indicated that the NeuStream-C system absorber performs well. Rich solvent, 
both MEA and advanced solvent, was loaded to a high level during testing, indicating that the absorber is working as it 
should. It is apparent from the working capacity of the solvent that improvements need to be made to the stripper 
system in order to improve CO2 capture rates. Additional work is ongoing in this area but data have yet to be 
evaluated. 
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